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QX\ ?} ^ 7-1] 2:^- S.^] Q% 53 AS. ^]^o r {VitreosciJJa 
hemoglobin ;VHb)4 ^Hic/ir ^sJ-jLi(D-amino acid oxidase;D~AA0) -fr^M- 
f^>£-§- (polymerase chain reaction; PCR)°-3. -§-W^ #S^tr ^-5- tfl^^C 
Escherichia H^l?! ^ 43- ^-^^^^r ^ VHb-DAAO *flS^- 

£.1 

^o}p1^a> AVsj-jL^, ^l^r S]12-#S.^1, -§-^-n-^> 
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c]o}d] i^a> -tVsj-Jidt^^ °1 *HSth Jl4i ^ zl ^lS^ 1 ^ {Recombinant enzyme 

with an increased D-amino acid oxidase activity and process for preparation the same J 

3E 1^8: ^^B]oll VHb-DAAO -B-^-fr^}^- ^ 2.<^£1- M-E}vflcf. 



^o]v\-. ^*\}*} 7])$r, ^-B: t)o\v)±.& ^sj-jLdt: -fr^r^ ^flejo} -sllS-^S. 

^ -a-^}^ -g-^" -f^*}* ^^1^ ^flStb ^flS^- jLi^f ^"71 ^2:^" ^SU" 

$1 (cephalosporin C)» 3*fl*H sj-^tl ^^.S 7*1^*1^ ^lt 

°V^€(aminoadipyl) #7]S 

(7-aminocephalosporanic acid, 7-ACA)» ilM^S. §>3- &i=r. o]sq. ^ sfr«J-aj*l 
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-fHHS: ^£30.3. ^-2-<g# -R-^*M, ifl^ol ^£°fl 

(7-aminocephalosporanic acid)^8r aflS*}^ $1<H-H 3^3*1 HfrU tfl4l n HS* 

^e]« ^t!- ^-^^1^0] ^jslsH ^o}t.]i 1 ^]s).si3EsJ'S: (7-aminocephalosporanic 
acid)3 ^:7># tfls. ^ ^cf. v]s$& ^0.3. 

<4*l^WS^3E^(7-aminocephalosporanic acid)# ^#S>7] ^SJH^- ^-^-7]]^ Jl 
i^-§-°l €-2.-&}4. 33^2:31^ ^°} D 1^ #5j-JL^i(D-amino acid oxidase) 6 !) ^1 

(cephalosporin C)7> ^414^1 °1*H1 °1 (glutaryl-7ACA) 3. 
Jl, ^l^HH^ ^^l^l^M^H 0 ! °BHl°l^(glutaryl-7ACA acylase) JL^ofl 

<2]§H ^-f-El-^^^ol^efloKgiutary 1-7ACA)7> *fl£-<*flo]#]o||ol(7-ACA)3. 
4. 

<4> ^l^r^l t^o^v^a]- x>^.jL^'(D-amino acid oxidase)^- S tiflsjo^ 
e^( 
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Trigonopsis variabilis) , SS-SL^fy ntyQ^^iRhodotorula graci lis) , -S. £.£.-!- 5} 
^^^^(Rhodotorula glutinis), ^A^KFusarium solani) ^ ^^ofl 

91^ T^^lii-il- ^2}jLdb(D-amino acid oxidase)* (cephalosporin C) 

^1-^1$ ^>-S-°fl °l-§-§>^ &i=r. 4°r n li^> -tVs^-jL^CD-amino acid oxidase)^- FADS 
SJldbS. &7l ifoi] (cephalosporin OS 7] ^tflA^ ^> 

-^JL^D-amino acid oxidase) £-§--§- 3l s 3*l7]7l ^siM^ ^#i&-§-7H ^ 

tt ^^-^ n^-n c m^. jL^^-^m &±.&\ ^§>^ ii 

1- JlL^sH A>-g-§>Jl ^rf. til ;fl|o| ZL^s}^ 7l|i]lS2] ^ 

°1 -§-°l § }*l W ^14^^3.^*1 (cephalosporin C) ^r-ir°l ^fl-f 

S-*H^# sim^>7l ^*1H£r ^#^-§-71^^ ^ £<?hg- ^«^o> s>i4 o]b} HV^ 6- Jioj- 

w]^^]^o]rl-. tc|-5q-^| ^^7}#^- c}o].u|^a> AVsJ-s.ii (D-amino acid oxidase)-!- 
TfliH nfl «i-31iL]o].cq ^2.^-5.^1 ( Vitreoscilla hemoglobin) # ^}-g-SH ^ 

^ ^ €#-ir n^}B.S,^ *\]^3.^3.Q#] (cephalosporin C) *«§^3r ^ -§:-§: ^)=# 

<5> ^ ^raJ-SL^^ o>^^ ^ Jl 

if ^Il^t1 1^33 r}^- -S^^- ^oT-uI^aj. a^j^ JfrliAQ ^*W>} *(| 

-g-^- -B-^}» ^a|^ Ji^-irS ^^^.A]?]^ a> 
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<6> ^JE^^o] «flS^S.Sl(^r«?5<:///a hemoglobinJVHb) 

3if ^o}nl^A> <l2fjLi(D-amino acid oxidase ;D-AA0) -n-^^>» .31 1r^;i2:-§- 
(polymerase chain reaction, PCR)£-S -g-fJ-sH #3.^^]- 4^- ^^(Escherichia 
coli)<*\]*\ t^H-H tfl^olM VHb-DAAO lit ^-sl^lt!: #^<:>r 

3loM<3]£ (polyacryl amide) ^fl^iH JL^sH ^4Si£^] ^-§-t- ^^1^ 

<7> ol§> ^ ^$4. 

<8> •S)l2.#3.«i(Vitreoscilla hemoglobinJVHb) -fr3l*r4 ^0}^^^- aV^Jl 

4i(D-amino acid oxidase; D-AAO) -fr^V-I- ^Itr ^ VHb -fr 

S'lk^^Q D-AAO 3' ^^^2] He}°H-I- A>-g-s>^ VHb-DAAO -g-^-ff-^l 

• *fl2:*Kr #3]; #7] 4 *^*>7fl VHb -B-^^ D-AAO -R-3l*}» ^ 

A}-g--5}^l &jl <§^*>-g-^: Al^c.) VHb-DAAO -§-^-B-^^}» &7%; 
■#7} VHb-DAAO -§-^-&-€*r» ^^E^ofl fs^sm #31 ^; VHb-DAAO -§-^-fr3l 

AA 3E<3€ ^€^^1- 3£«gsH £ ^ *3M3€ ^ VHb-DAAO 

^ lisf ^efl D-AAO JLi^l ^S^S^l 1-3. 
H 2 0 2 3 ^G-S. ^Hfe &7)}3. ^€4- 

o> .g. ^oJH A}^-tb hIe^^^e)-^ «i]£€-S.«l(Vitreoscilla hemoglobin) -B-^> 
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p]^- ^ejiiol 7l^^^-dii(IlHnois Institute of Techno logy 91^ Benjamin C. 
Stark JZ^MlTlH P UC8:16 ^» ^^Sh^ -fr#*r «fl<l^: #3L^ci\ 

(Khosla and Bailey, 1988, Mol . Gen. Genet, 214:158-161; Dikshit and Webster, 1988: 
Gene 70:377-386) H3.J2.e1 (promoter) ^» ^]7l§>Jl VHb -fr^l*} 1 ?]: f^s}S4. 
-c] o}p 1 1e.a> ^>si|-Ji^i(D-amino acid oxidase) ^1^- -b^ttI!) (American Type Culture 
Collection, ATCCHH J= i ^^^^^{Trigonopsis variabilis 

ATCC10679) 4 SSSl-el- ZiB^s^ (Rhodotorula gracilis ATCC26217) # t^SH 
^*fl DNA^l^-i D-AA0 JLdi -B-^XcDNA)!- f^r5W. -fr3l*r #3.^ ^ ^«3]E^ 
-^-S-Sl pALTER-EX2 (Promega, USA)^ P KK223-3 (Pharmacia Biotech, Sweden)!- 
3X^. A 4r3*r ^*r°} A}-g-^ J2£*B^>£-§-^ 2^ 5. 1^ £cf. SE PCR 

«>-§-^r ThermoJet (EquiBio, Belgium) *r-8-*"M 94°C^1^| 1^-, 55tJ*lH 1^", 72 

Xt<%*\ 35^ ti>4Al7lji ^ AS. 74"C*1H 4^r?> ^ ^rf. 

<io> is. i] 





DNA 


25mM 
MgC12 


10X 


dH20 


2.5inM 
dNTP 


Taq 




VHb 


ltd. 


4ptt 


10fd 


79fd 


ltd 


5 -B-MJi 


200pM 


T. variabilis 


2ptt 


4/d 


10fd 


79td 


ltd 


5 -fi-qs 


200pM 


R. gracilis 


2{d 


4/d 




79ui 


ltd 


5 -fh^S 


200pM 



<11> 



^olH *}-8-tr D-AA0 f^lS 3tr t^^U^r ^^-S^S^ 
(cephalosporin C) #-§-^1 D-AA0 JLi^ w}^-JL *r€*r>n ^S}7] 

^ £b§- «3*r H 2 0 2 3 ^SL3- ^*l*Hr ^}7l^ ^ ^^,g- 7fl 
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<12> D-AAO + ^l^S^iX^*] + H 2 0 + O2 — > AKA-7ACA + NH 3 + H2O 2 

<13> H2O2 + 20H- + ^1^- + ^^-Al4o]-^l — > 4o>n]^a^el]olH + N 2 + 2H2O + 

<14> ^, tfl#5<*q ^^l* 4-§- LB «fl*H] *Hf-# afl^ 

20mM, 2mM, 40}^ 1 unit, FAD 5^M °1 €■ ^li^El 

(Tuner design, USA)S 20^^^: ^-M^r n^}^. H 2 0 2 <$£: 

<io -^afl 1: PCR ofl ^ VHb-DAAQ -S-^*} -g-^- 

<17> ^a]o]]o|a^ VHb -8-3143 5' ^^3- D-AAO -B-^>3 5' ^Y^l" ^ 

VHb -fr^r 3* im^-I- = £H"Uprimers)S ^>-g-§H VHb -fr^M" 
#^-§>S^. 3^ D-AAO -8-^> 3'^^ 4 VHb -f}-3l*r 3' D-AAO 
-fi-#*r 5' ^^^» iEeKMs. A}-g-§H D-AAO -B-^4# ^^>^^f. <>1^7fl ^€ 

^ f^l ^^>al VHb -fr^> 5' ^^f^ D-AAO -fr#*r 3' ^ 
^ej-ol^i- a}-§-sH VHb-DAAO -§-^ -fr^l*}* ^^^4. o]nfl^ pgr 
3. 23- ^"A^ PCR 941C<^^ l£, l^-, 72tH]>H l^S. 353? 

a>^-^-JL 74X^1*1 4£# c) ^1^4. 

<18> 
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[5. 2] 

VHb-DAAO ^Q*} -g-^-j- W PCR 'ft-g-'ff ^ . 





DNA 


MgCl2 
(25mM) 


10XtHB| 


dH20 


dNTP 
(2.5mM) 


Taq 




VHb 


ltd 


Aid 


10fd 


7Sut 


ltd 




200pM 


D-AAO 


ltd 


4(ii 


lOld 


78fd 


ltd 




200pM 



<i9> ^1^1 2: DNA shuffling °fl VHb-DAAO -3-^:4 

<20> ^"71 -M^H 1°1H ^^-ti- VHb^ D-AAO -fr3l*r #31-8: ^ €"^"§]-jL S. 

e}°H# ^>-g-^l f^^H-i- VHb-DAAO -fr*!*}* *\}^}$it±. o)v% 

^ PCR ti>-S-^ S-^^r S 34 £.2.^ ^^-^r-l-^r 94X^1*1 1^-, 55*C^^ 1^-, 72X^H 

<2i> [S3] 

VHb-DAAO -fi-^j^V -g-^-§: ^ ql-f-^ 3:^ 





DNA 


MgCi 2 


10X 


dH 2 0 


dWTP 
(2.5mM) 


laq 


VHb 


10/ei 




10/i« 




ltd 




D-AAO 


10/*« 


Aid 


10^< 


64/*« 


ltd 


5-b-mjl 



<22> ^aHI 3: VHb-DAAO #5.^ 

<23> ^Al^l is). 2^11^ ^s.^ VHb-DAAO -S-fHi-^L*}^ ^-Sr ^(blunt 

end)°-5. ^S}<^ Klenow fragment 4 unit, dNTP(2.5mM) 3/d, 10X ^3] 3#« ^ 

^§}<*| 25X^H 30^ ^r^mcf. <^7HH ^-§-°^^- ^£-£3. ^^)^ ^ 

t!- 3s 5'^ ^* ^sJ-^M $)«H 10X 2id, T4 polynucleotide kinase 1 
unit* ^ 37t*IH 1^1^ ti>^-A]^c)-. c^H^ *H^-g: H 
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^ y}a]- £0] P ALTER-Ex2 5^1 -f-^^f P KK223-3 $ Smal ^» ^I^Jl^iS. 

H^2flo]E (Alkaline phosphatase )S. ^Sl'&SfrfJ- ^ VHb-DAAO -§-tMr- 

^4 T4 DNA 2}o] 7 flo]^-l- ^ZL I6r^l^i 1*1# ^-§-^1^4. 

<$sH *n^}$ii=h ^ls^-t^^- %^<y-3.v|-g-<3 0.5. ^^§H ^ 

^-ol^-ii^-^^KDEAE-Sephadex FF)» ^S}^ d-AAO ^ VHb-DAAO Jl^# ^^1^> 
53^. 3*H$ JL^il- -Se)^^c].p-|.ol= ^fl^ofl 5. §5-}^ ^^fl (1.5x1.5x1.5 

mm)3. 41- ^#^-§-7l(2]^1.5cm, ^oll5cm)«fl Tris-HCl (pH8) 

^M^AS 20mM 4t^il?l^ -g-^# XllS^Jl ^Ir^-g-^H] ^5. 

(peristaltic pump) 3. -g-^ £€^1^. 4Mr£r 1.5mL/min-& -R-^r^ 13 } 
9 41 *M -g-7H 3)^3 -^^t}. ^^a]^ 

^ltSi£^l ^§^«r «>-g-^.S. ^^tt H2O2 ^^*>S^-. ^^^h S4ii} 
bJ-^H t3>sf £o] d-AAO JLiJi^^:-§-7l^^^. ?fl|i|o) l-^ ^ ^>i^ ^ 

*}-§- H 2 0 2 7> 71^ VHb-DAAO Jl^I^ tfV-§-7H 

45^^<>1] D-AAO JL^ZL^«>-i-7]^ 12 tiflofl sfl^SHr H2O2 7> ^^sl^cf. 
VHb-DAAO -§-"t JLdiil- A>-§-§>^ 4tSiI?l^ ^€ ^-§-^1 ^l-^7ltfl^ 
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<26> .g. VHb-DAAO -8-^- -fi-#*}7> ^ P ALTER-Ex25. ^f^M tftt 



IS. 4] 


















^€ H 2 02 wis. 












1 15 


| 30 


45 


| 60 


| 90 


| 120 


H 2 02(,/M) | D-AAO 0 


0.5 


1 0.5 | 


0.8 


1 1 '° 


1 10 


1 10 


j VHb-DAAO 0 


2.0 


1 4,5 1 


12.0 


| 12.0 


| 12.0 


12.0 



(Vitreoscilla hemoglobin, VHb) -fr^l*}^ ^ o}^ ^a). A^jLdbCD-amino acid oxidase) 
-fr^*}* l^l^ VHb-DAAO S.±-^r ^-tHJ-SftuL 

^€ ^ VHb-DAAO i^K^ ^ ^Jl^ %^°] ^3 °] ja^-frS 

^ ^ 
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1] 

tiV3i&]o). -%-&x}si\- clo>ci^A> ^sJ-jLi -f}- -S-^-R-^V 

VHb-DAA0» ^ MM^L+S-^AW ^^1^£< 3 1M#H<>13. *<S^3H7lSr 

VHb-DAAO A\2i^ JLdt. 
2] 

VHb-DAAO 3L±. 

3] 

°i #S^tlr ^ tfl^^M ^^l^l ^ ^€ VHb-DAAO ^flS^- JL 

i# ^sl^^S}^- VHb-DAAO ^2^" JL^i ^S 1 ^^ . 
4] 

pALTER-EX2«^l S-^sH ^ pALTER-EX2/ VHb-DAAO . 

5] 

4 Q 7] 7fl ^ ^"71 ^2:^- pALTER-EX2/VHb-DAA0» tfl^°H H*a*H ^€ 
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